F
ocused assessment with sonography for trauma (FAST) has emerged as a rapid, noninvasive, and accurate method of evaluating blunt abdominal trauma that can be easily used by nonradiologist clinicians. [1] [2] [3] Several studies have demonstrated a relationship between the amount of intraperitoneal blood quantified by radiologic studies and the need for laparotomy in adults after blunt trauma. 4 -10 In the pediatric population, despite a higher success rate for nonoperative management of solid organ injuries, a similar correlation has been described. 11, 12 Ultrasound quantification of hemoperitoneum using a simple scoring system has been shown to correlate with subsequent laparotomy on the basis of a prospective study from our institution. 7 This scoring system, however, has not been previously studied in pediatric patients. We hypothesized that the amount of free fluid quantified by this scoring system might also predict the need for laparotomy in pediatric patients.
PATIENTS AND METHODS
Our institutional review board approved this study with waiver of consent. A retrospective chart review was undertaken on all patients 15 years old or younger who were treated at our institution from January 1, 1997, to June 30, 1999, after blunt trauma. Every trauma resuscitation was supervised by an in-house trauma attending physician. However, frequently, cases were comanaged by the trauma surgeon and pediatric surgeon during the ongoing process of evaluating the patient. At the start of this study period, FAST was performed on pediatric patients at the discretion of the trauma attending physician. During the study period, the indication was expanded to include all pediatric patients meeting the stateapproved pediatric trauma alert criteria who were brought to our trauma center (Table 1) . Computed tomographic (CT) scan of the abdomen and pelvis was indicated when the ultrasound examination was positive and the patient was stable enough to go to the CT scanning suite, when the patient presented with abdominal pain or tenderness, when retroperitoneal injury was suspected, when there was a pelvic fracture, or at the discretion of the attending physician. Where possible, American Association for the Surgery of Trauma grades were recorded for solid organ injuries. Unstable patients who responded transiently or minimally to fluids did not undergo CT scanning.
A "positive" ultrasound examination was defined as one showing free fluid with or without abnormalities suggesting solid organ injury. Five areas (Morison pouch, perisplenic area, right and left subphrenic spaces, and pelvis) were scanned. To quantify the amount of free fluid on ultrasound, the scoring system developed by McKenney et al. 5 was used. This ultrasound score (USS) was defined as the depth of the deepest pocket of fluid measured in centimeters in any one area plus one point for each additional area where fluid was seen. The depth was measured along a line drawn from the most anterior aspect of the collection to the posterior extent using either the longitudinal or transverse images (Fig. 1) . For example, if fluid was present in three areas and the deepest pocket measured 4 cm, the USS would be 4 ϩ 2 ϭ 6, where 4 was the depth of the deepest pocket in centimeters and 2 was the number of additional spaces that were positive. A senior radiology resident or trauma radiology fellow read all the ultrasound images using real-time images. These images were also stored and reviewed later by the radiologists. A trauma radiology attending physician was present to also read the images between 7:00 AM to 12:00 midnight every day. All positive ultrasound examinations were assigned a USS prospectively at the time of acquisition of images. Positive ultrasound examinations that did not have the USS reported concomitantly were reviewed by an attending radiologist (K.A.M.) blinded to all patient details and outcome, and the USS was assigned retrospectively.
A therapeutic laparotomy was broadly defined as one requiring repair of intra-abdominal organ injury or surgical control of active bleeding. Hypotension in pediatric patients adjusted for age was defined as a systolic blood pressure of Յ 50 mm Hg in children from birth to 6 months of age, Յ 70 mm Hg in infants, Յ 80 mm Hg in preschool children, and Յ 90 mm Hg in adolescents using the Advanced Trauma Life Support guidelines.
A USS of 3.0 or greater was found to be highly predictive of laparotomy in adults on the basis of a prospective study, 7 and this value was used to stratify the current study population into two groups. Across the two groups, the Student's t test was used to compare continuous variables and the 2 test or Fisher's exact test (where appropriate) was used to compare dichotomous data. Significance was assessed by a value of p Ͻ 0.05, using two-tailed statistical tests. The statistical software Analyze-it for Microsoft Excel Version 1.0.5.0 (Analyze-it Software, Ltd., Leeds, United Kingdom) was used to perform these calculations. The ability to predict the need for therapeutic laparotomy on the basis of a USS of Ն 3.0 versus a USS Ͻ 3.0, the presence or absence of hypotension, and the presence or absence of tachycardia (pulse Ͼ 100 beats/min) were assessed in patients with pos- The Journal of TRAUMA Injury, Infection, and Critical Care itive ultrasound examinations by calculating sensitivity, specificity, and accuracy.
RESULTS
A total of 743 patients 15 years old and younger were treated during the study period at our Level I trauma center. Among this group, 568 (76%) patients sustained blunt trauma. One hundred ninety-three of 568 (34%) patients with blunt trauma had FAST performed (Fig. 2) .
Of the 193 ultrasound examinations, 38 (19.6%) were positive. Of the positive ultrasound examinations, CT scans were normal in seven patients. The CT scans showed free fluid with no solid organ injury in 4, splenic injuries in 10, liver injuries in 5, pancreatic contusion in 1, small bowel thickening suggesting injury in 2, and pelvic fractures in 4 patients. Six patients did not undergo CT scanning and went straight to laparotomy from the resuscitation area because of hemodynamic instability.
Of the negative ultrasound examinations, CT scans were positive for intra-abdominal injury and/or free fluid in 6, normal in 32, and not obtained in 111. Repeat ultrasound examinations were performed in only two patients, and both remained negative. One diagnostic peritoneal lavage was performed, and it was positive for intra-abdominal bleeding in a patient whose FAST examination was negative.
Ten ultrasound examinations of the 38 were each assigned a USS retrospectively. One patient with a positive ultrasound examination was excluded from analysis because he died from head injury, and autopsy results were incomplete because of organ procurement. The remaining 37 patients formed the basis for further analysis.
Twenty-two patients had a USS Յ 3 and 15 had a USS Ͼ 3. There were no differences between patients with a USS Յ 3.0 and those with a USS Ͼ 3.0 in terms of admission pulse (mean, 115 vs. 117/min; p ϭ 0.86), Glasgow Coma Scale score (mean, 12 vs. 11; p ϭ 0.75), or Injury Severity Score (mean,
There were 9 therapeutic and 2 nontherapeutic laparotomies among the 37 patients with positive ultrasound examinations. Of the 22 patients with a USS Յ 3.0, 1 (4.5%) patient required laparotomy for perforated jejunum. Of the 15 patients with a USS Ͼ 3.0, 8 (53%) required therapeutic laparotomy. Mean time to laparotomy for the nine therapeutic laparotomies was 73 Ϯ 40 (SD) minutes. There was a significant association between a USS of Ͼ 3.0 and subsequent therapeutic laparotomy (p ϭ 0.002, two-tailed Fisher's exact test). CT scanning of the abdomen/pelvis was not performed in five of the nine patients who underwent therapeutic laparotomy because of persistent hemodynamic instability during trauma resuscitation ( Table 2 ).
The nontherapeutic laparotomy that occurred in a patient with a USS of 1.0 found a nonbleeding splenic laceration. CT scan in this same patient revealed a small spleen laceration and abnormal bowel wall thickening. The patient had an admission base deficit of Ϫ9, with a pulse of 136 beats/min. The other nontherapeutic laparotomy occurred in a patient with a USS of 5.8 with transient hypotension in the resuscitation area. CT scanning was not performed, and a grade 2 splenic laceration with minimal bleeding was found during laparotomy.
Of the remaining patients with positive ultrasound examinations who did not undergo laparotomy, none required delayed operation for missed injuries. One patient died of severe head injury and had a USS of 1.0. The autopsy of this patient revealed no intra-abdominal injury (Table 3) .
There were 155 patients with negative ultrasound examinations. One was excluded because of incomplete records attributable to organ procurement. Two of 154 (1.3%) required therapeutic laparotomy: one had a diagnostic peritoneal lavage that was positive after a negative ultrasound examination. At exploration, she had bleeding from the spleen and ascending colon mesentery. The other had retroperitoneal fluid and air on CT scan and was found to have a duodenal perforation at the second and third portions. No intra-abdominal free fluid was found at laparotomy. One patient with a negative ultrasound examination died from head injury: no intra-abdominal injury was found at autopsy.
Fig. 2. Outcomes of 193 pediatric patients who underwent ultrasound examination after trauma. U/S, ultrasound; TL, therapeutic laparotomy; NTL, nontherapeutic laparotomy; NO, no laparotomy required.
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The results for sensitivity, specificity, and accuracy for a USS Ͼ 3.0, hypotension, and admission pulse Ͼ 100 beats/ min in predicting need for therapeutic laparotomy among patients with positive ultrasound examinations are listed in Table 4 . Base deficit as a predictor was not analyzed because admission arterial blood gases were not measured in seven patients. In this small sample size, a USS Ͼ 3.0 was as accurate as hypotension in predicting the need for laparotomy. When the USS was Ͼ 3.0, 8 of 15 (53%) patients required laparotomy. When there was a small amount of fluid (USS Ͻ 3.0) or no fluid, only 3 of 176 (1.7%) patients required laparotomy.
DISCUSSION
Over the last decade, ultrasound has emerged as an accurate tool in the initial assessment of both adult and pediatric patients suspected of having blunt abdominal trauma. [13] [14] [15] [16] [17] Ultrasound estimation of the amount of intraabdominal fluid is fairly accurate. Matsumoto and Ohshiro 18 described a correlation between the number of spaces with intraperitoneal blood seen on ultrasound and the actual volume of blood intraoperatively on the basis of observations of trauma patients and patients with ectopic pregnancies and further validated this prospectively. The relation between the amount of hemoperitoneum and subsequent need for laparotomy after blunt trauma has been well documented. McKenney et al. 5 and Huang et al. 9 have devised scoring systems in adult patients using measurement of actual fluid depth that correlate with the need for laparotomy. In the study by McKenney et al., there were 46 patients with a USS Ͼ 2, of whom 35 (76%) required laparotomy. Of 10 patients with scores Յ 2, only 1 (10%) required laparotomy. A subsequent prospective study found that a USS of Ն 3 had a sensitivity of 83%, a specificity of 87%, and an accuracy of 85% in predicting subsequent therapeutic laparotomy. 7 More importantly, they found that 31 of 36 (86%) normotensive patients with a USS of Ն 3 who were initially observed subsequently deteriorated, requiring laparotomy. Similarly, Huang et al. 9 prospectively studied adult blunt trauma patients using their scoring system: patients with an ultrasound score Ն 3 had a 96% chance of undergoing therapeutic laparotomy compared with a 37% chance when the score was Ͻ 3.
In the pediatric population, two authors have described a similar correlation between the amount of intraperitoneal fluid estimated preoperatively and subsequent laparotomy. Akgur et al. 11 categorized the amount of free fluid seen on ultrasound as small, moderate, or large. They found that 0 of 8 patients with a small amount of fluid required laparotomy, as compared with 2 of 15 with a moderate amount of fluid and 5 of 7 with a large amount of fluid. Taylor and Sivit   12 reviewed 259 children with peritoneal fluid on abdominal CT scan. Using similar definitions, 10% of patients with a small amount of fluid required laparotomy versus 23% of patients with a large amount of fluid.
Using our scoring system, we found a similar association between the amount of free fluid and the likelihood of requiring laparotomy. Although this is not intended to replace traditional clinical parameters, quantification of free fluid serves as a useful adjunct in the evaluation of the pediatric blunt trauma patient, especially where vital signs and clinical examination are sometimes difficult to interpret in this age group. A more meaningful comparison in the younger age groups would be to quantify the amount of free fluid per unit body weight 18 since, for example, a USS of 3.0 in a 1-yearold may have different implications for surgical decisionmaking than a similar score in a 14-year-old. Validation of this concept will require a larger prospective study.
Several other limitations exist. The study was conducted retrospectively, and therefore the outcome assessment (whether a laparotomy was therapeutic) was not blinded to the results of the test in question. Also, ultrasound examinations were performed in this population inconsistently at a low rate (34%), which suggests selection bias. Because of this reason, the "true" incidence of positive ultrasound examinations cannot be determined from this study and hence calculations of positive and negative predictive values will not be valid. At present, as mentioned above, ultrasound examination is performed in almost all pediatric blunt trauma patients evaluated at our trauma center.
It is well documented that ultrasound may miss approximately 10% of solid organ injuries in adults 19 and up to 45% of injuries in children 20, 21 in addition to retroperitoneal injuries. 22 Nevertheless, several studies have documented the efficacy of using ultrasound in the initial evaluation of the pediatric trauma patient. [15] [16] [17] 23 What is not clearly established is whether or not we can stratify pediatric patients with positive ultrasound examinations in terms of risk of significant intra-abdominal bleeding requiring laparotomy, so that valuable time would not be wasted in obtaining further radiologic imaging or observation.
On the basis of our preliminary observations, there appears to be a correlation between the amount of hemoperitoneum quantified by this ultrasound scoring system and subsequent therapeutic laparotomy in pediatric patients. However, the low positive predictive value suggests that this 
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• Number 3scoring system should be used in conjunction with assessment of other clinical parameters in surgical decision-making in the emergency room. A larger prospective study is needed to validate this scoring system in the pediatric age group.
